In recent years, the learning object (LO) concept has been introduced to allow sharing of smaller and portable learning materials on the Internet. Its features, concept, components, and other related matters have been fairly debated among researchers and practitioners. Attempts have been made to derive definition, model, and its working application. However, the failure to embed learning context and pedagogical instructional role within metadata has contributed to the significance of LO educational values. Despite the efforts taken by various research groups and researchers to propose metadata that exhibit the LO pedagogical role, the accomplishment of these works is geared towards specific education environments or institutions. Therefore, it is desirable to attain new metadata elements that will capture the LO context and pedagogical aspects and increase the reusability features applicable to any education setting or environment. It is the intention of this paper to describe the work done in providing a new metadata element based on theoretical analysis.
Introduction
Electronic learning is the convergence of the web and learning on all levels that is made up of several learning methods that are enhanced or facilitated by technology. The use of a learning management system (LMS) in e-Learning environments allows content authoring and sequencing, and content delivery to learners. In addition, a LMS also assigns content lessons to learners and records their performance, thus creating a learner's profile. In other words, e-Learning offers a one-location gateway to varieties of educational resources, such as electronic books, digital presentation, web-based lecture notes, case studies, and other types of educational learning materials. This contributes to the rise of digital learning materials in the education field. However, these learning materials need to be designed effectively, as e-Learning promotes online education, unlike the traditional Material published as part of this publication, either on-line or in print, is copyrighted by the Informing Science Institute. Permission to make digital or paper copy of part or all of these works for personal or classroom use is granted without fee provided that the copies are not made or distributed for profit or commercial advantage AND that copies 1) bear this notice in full and 2) give the full citation on the first page. It is permissible to abstract these works so long as credit is given. To copy in all other cases or to republish or to post on a server or to redistribute to lists requires specific permission and payment of a fee. Contact Publisher@InformingScience.org to request redistribution permission.
method which emphasizes the face-to-face and instructor-centered way of teaching. In contrast, digital materials need to include multimedia presentation -where words and graphics are used together -to deliver the instruction, to adopt personalization principles, to initiate cognitive processing in learners, and to include practice exercise, as stated by Clark and Mayer (2003) .
In brief, designing and developing digital learning materials requires a substantial amount of effort, as the materials need to be well-designed using various media integration that require an allocation of cost. The cost to design and develop digital learning materials is high and extensive and is equivalent to developing traditional materials, because these digital materials need to be built from scratch using textbooks, references, and past experiences as a guide. For instance, to develop web-based lecture notes requires a substantial amount of money, and inclusion of graphics and animation would double the cost, and, if simulation is included, the cost would quadruple (Downes, 2004) , which shows that developing interesting and well-designed learning materials involves a substantially large investment.
Consequently, if each educational institution produces its own local materials, the cost would multiply. This is ineffective, as the cost can be reduced by sharing the same learning materials among institutions.
The advent of communication technology has made sharing possible through the use of the Internet, and this leads to the emergence of the learning object (LO) concept. The LO concept was introduced to allow sharing of small, portable learning materials on the Internet. The concept, however, is not new to the world of reusable learning materials. The idea of learning objects had already emerged in the early nineties (Persico, Sarti, & Viarengo, 1992) . The concept was then concerned with storing the learning materials into databases. From then on, the issue that emerged was the reuse of learning materials (Olimpo, Chioccariello, Tavella, & Trentin, 1990; Rada, 1995; Sarti & Marcke, 1995) . Nevertheless, due to the exponential growth of the World Wide Web, the worldwide availability of easily accessible learning materials sparked the re-emergence of these old concepts in the late nineties, and these concepts are presently being further developed to generate knowledge and insights into storing and retrieving of learning materials.
However, the success of this concept is hindered by problems that arose in the current eLearning setting. Figure 1 summarizes the current trends in e-Learning environment leading to existing problems in LO matters and points out that there are a few main challenges that need to be addressed in order to ensure the success of LO. As such, this paper focuses on the problems relating to LO metadata contextual and reusability issues. The next section will look at the incorporation of meaningful learning into LO in order to provide context and retrievability of LO.
Learning Object Metadata (LOM)
The LO concept is made viable through the possibility of retrieving and reusing the objects in actual practical environment. The objects are retrieved and reused through the use of metadata concept, and its interoperability is achieved through the development of the LO repository. The customary intention for using metadata is to describe any information on the object used by information professionals, such as museum registrars, library cataloguers, and archivists. Nevertheless, due to technological advances in educational environment, metadata is later used to assist in LO retrievability (Yordanova, 2007) . Presently the LO metadata standard produced by IEEE LTSC (2005) is used as the benchmark in LO metadata development. Its usage is further extended to certify the authenticity and context of the object content, to indicate the structure integrity, to provide data for research setting, and to relate to other learning objects (GillilandSwetland, 1998; Lougee, 2003) .
Trends in e-Learning
Availability of courses online, creating one-location gateway to a variety of additional resources. Standards in content authoring, sequencing and delivery Interoperability among existing LMS
Pressures on Content Developers
Reusable, adaptable, interoperable, customisable content Timeless digital learning content
Advances in Digital Content Technology
Learning object concept surfaced Automated content repository
Advances in Standards
Standards on learning object metadata, object sequencing, content authoring, assessment, learner profiles
Challenges in Learning Object Development
Need for learning object identification Inaccurate interpretation of the learning object concept Learning object concept does not support meaningful learning Learning object metadata need to address aspects of learning context in learning object Need to escalate the level of object reusability
THE PROBLEM
Lack of solid definition for describing learning object Failure in identifying a standard model Uncertainty of learning object granularity and it's types Current learning object metadata standards seem inadequate for addressing the learning context and pedagogical instructional role in the metadata elements Insufficient metadata elements in providing context to the learning object and escalate the object reusability
Continuous improvement

Figure 1: Current trends in e-Learning environment leading to the problems
The IEEE LOM standard (see Appendix) provides 77 metadata elements, which are distributed among nine categories. Although the existing LOM standard is widely adopted by LO practitioners and researchers world wide, its lack of contextual and pedagogical elements is currently much debated (Allert, Dhraief, & Nejdl, 2001; Allert, Richter, Dhraief, & Nejdl, 2004; Cowley & Wesson, 2000; Friesen, 2004; Hepburn & Place, 2000; McCarthy, 2000; Recker & Walker, 2003; Recker & Wiley, 2001; Robson, 2004; Sacks, Earle, Prnjat, Jarrett, & Mendes, 2002; Yahya, Yusoff, & Jenkins, 2001 ). The researchers argue that existing elements do not address all aspects of LO context and are merely used as a means of discovering, sharing, and reusing LO. The next section will look at issues relating to the incorporation of meaningful learning events, which are closely related to pedagogical and contextual aspects, and the issues of retrievability and reusability.
LOM: Incorporation of Meaningful Learning Event
Learning objects are known to be useful in the educational environment particularly for the academic purpose of providing learning activities to learners. However, there are concerns that learning objects are not able to support meaningful learning during the learning process (Jonassen & Churchill, 2004; Wiley, 2003) . Meaningful learning occurs when learners are able to remember, recall, understand, and reuse the knowledge to explain to others or apply it in their every day life. This requires learners to be engaged in meaningful tasks. In other words, meaningful learning will only occur when the learner becomes aware of the learning process and is engaged in the learning activity. According to activity theory (Jonassen & Rohrer-Murphy, 1999) , learning and activity are inseparable, and the key to enhancement in learning lies in the intimate connection between the desires for participation in the learning process/activity (Abbott, 1996) . In other words, meaningful learning takes place in participating in an individual or community activity. Therefore, it can be concluded that meaningful learning is the product of building external connections between existing and new information (Hooper & Rieber, 1995; Jonassen, Peck, & Wilson, 1999; Mayer, 1984) . It can make the learning process memorable and therefore, provides the ultimate learning experience.
However, with the current conceptualisation of learning objects, it is believed that learning objects do not cause learning but provide its availability. Koper and Es (2004) had the same notion whereby they stated that current learning objects had failed to fit into the context of learning, and meaningful learning had not occurred during the learning activity. Kraan and Wilson (2002) expressed their concern regarding the absence of meaningful learning due to the lack of pedagogical models in current LO standards. Koohang (2004) further emphasised the fact that LO's ultimate purpose was to enhance and facilitate learning.
As practitioners and researchers become aware of the importance of establishing meaningful learning, several approaches have been taken to incorporate activities that support meaningful learning. Most of this research is geared towards the design of LO content (Ip, Morrison, & Curie, 2001; Ip, Young, & Morrison, 2002; Krauss & Ally, 2005; McLean & Lynch, 2003) . The motivation to design LO content and to incorporate meaningful learning had focused on principles of active engagement, and to elicit reflection and frequent communication as conducted by these respected researchers, namely Agostinho, Bennet, Lockyer, and Harper (2004) , Berge and Fjuk (2003) , Casey (2004) , Luke, Mallory, and Atack (2004) and Zouaq, Nkambou, and Frasson (2007) . Carefully designed learning objects have been proven to provide meaningful learning throughout the learning process (Jonassen, 2004) . There are only a few research organisations that have focused on incorporating context or pedagogical aspects into the metadata element, namely CLEO (2001) , CUBER (2004) and FAILTE (2002) . However, the work done thus far is still insufficient as most were subjected to be of service to a specific learning environment or to the patron organisation. This leads to the attempt to provide more general metadata elements so that the context level is enhanced and pedagogical role is included in the LO using metadata method.
LOM: Its Reusability
Literature has shown that the number of vocabularies presented in LOM standards is limited in that they do not provide adequate instances of the elements to aid in the search process or to escalate the learning object reusability (Dillon, 2000) . Sicilia and Garcia (2003) stressed the importance of measuring the LO reusability degree to verify that reusability is fully maximized and achieved when using learning objects. Duval and Hodgins (2004) and Sampson (2004) also mentioned the importance of having new metadata elements to promote reusability. This is essential to provide new ways of profiling to support reusability with minimum human interface. Santally and Senteni (2005) stated that existing metadata elements that claimed to promote reusability are inadequate to fully support and maximize reusability features. New elements need to be incorporated to allow learners to obtain information regarding the objects' past usage, the users of the objects, the parent field of the object, and the usage setting or venue.
These concerns have led researchers to find ways to increase the reusability degree when using learning objects. Recker, Walker, and Wiley (2000) proposed the non-authoritative metadata that was able to capture the context of LO within instruction. The collaborative information filtering technique (Recker et al., 2000; Resnick & Varian, 1997) was used to derive the nonauthoritative metadata. Hiddink (2001a) proposed that a history file be attached to the Unit Learning Material (ULM) which held knowledge about other useful courses or related courses to the ULM. Garshol (2004) investigated the possibility of merging topic maps theory with metadata elements. The topic maps theory is used to represent a subject, which allows the subject based classification to be used to further classify the objects. Abel, Benayache, Lenne, and Moulin (2004), de Marchi, de Miranda, and Costa, (2005) , Dichev, Dicheva, and Aroyo (2004) , Dicheva, Dichev, and Wang, (2005) , Dicheva, Dichev, Wang, and Zhu (2005) , Fernandez, Moura, and Porto (2005) adopted Garshol's idea of utilizing topic maps in e-Learning modules. The topic maps are used to index and classify learning objects and aid the learners in viewing, navigating, and searching related metadata through categories provided. However, an analysis disclosed the deficiency of adopting this concept in the existing metadata elements. This led to the attempt of providing the resolution to the problem by incorporating the concept into current LOM standards.
An Overview of the Investigation
In determining the essential metadata element that would enhance LO context and reusability, a method as described in Figure 2 is adopted. The proposed extended metadata elements represented in Figure 2 are mainly dependent on the analysis performed and review of related theories. Details of the above process and the respective results are discussed in the following section.
New Extended Metadata Element: Context
The determination of a new metadata or extended metadata element that addresses the context or pedagogical role is based on related theories. The associated theories and themes related to pedagogy matters identified are developmental theory, cultural diversity, classroom motivation and management, learning styles, learning theories, instructional design, and assessment. However, focus is given specifically to developmental theory, learning theories, instructional design, and learning styles as the other themes (i.e. cultural diversity, classroom motivation and management, and assessment) have broad vocabularies; therefore, it is difficult to determine specific vocabularies for the themes. In addition, classroom management and motivation involves traditional classroom method, which is different from the electronic learning method (the environment for learning objects) and irrelevant to the LO concept; therefore, they are excluded. Each theory and theme will be discussed in the subsequent sub-sections.
Developmental theory
Developmental theory provides the foundation for teachers or instructors to understand their learners by describing their development differences in systematic patterns. It provides information on how children's minds grow and develop. This helps teachers or instructors to respond more effectively to a learner's individual needs. It is important to understand a learner's development, as teaching strategies should match the physical, cognitive, and social development of the learner. By having information on learner's development, the curriculum may be designed and matched accordingly to the learner's abilities.
The developmental theory consists of cognitive, moral, and psychosocial development theories. Each of these theories provides insights on understanding a learner from different perspectives. The cognitive development theory has its roots back to Piaget's theory (1964) , which described the ways humans gather and organize information and how this process changes during a child's developmental stages. Piaget recognized that development occurred in stages and that experiences helped learners to understand the world. The stages described by Piaget provided some information on how children develop and progress during their growing up years. The work of Piaget has helped in curriculum and instruction design. For instance, by using Piaget's theory, it is acknowledged that teachers or instructors should keep learners developmental needs in mind as they design and implement instruction. Therefore, when designing instruction using Piaget's theory, the instructors or teachers should provide concrete experiences that represent abstract concepts and principles. Besides, they should also provide links from concrete representation to abstract ideas.
Apart from Piaget's cognitive theory, Vygotsky (1978 Vygotsky ( , 1993 provided an alternative perspective on the factors that influenced children's developing minds. The perspective by Vygotsky is known as sociocultural development theory, as it emphasizes social and cultural influences on the children's cognitive development. He viewed learning as arising directly from social interactions where the role of language is central to the theory. Therefore, in designing instruction using Vygotsky's perspective, one should include learning activities that involve learners in social interaction, encourage the use of language to express the learners' understanding, and provide instructional assistance to promote learning.
In addition, the moral development theory also has its roots back to Piaget's theories (1932 Piaget's theories ( , 1964 where he provided the different stages for children's responses to moral problems. His work was then used by Kohlberg (1963a Kohlberg ( , 1963b Kohlberg ( , 1984 to develop the moral development theory. Kohlberg described that moral development existed in three levels consisting of two stages each as illustrated in Table 1 . His work led to the following conclusions (McDevitt & Ormrod, 2002 ): everyone's reasoning passes through the same stages in the same order, where develop-ment is gradual and continuous, and once a stage is attained a person tends to reason at that stage not at stages lower than that. In conclusion, the moral development theory has helped teachers and instructors to understand learners' development and identify the behavior patterns of young people. The ethics of others. Typical of ten to twenty year olds. The name comes from conformity to the rules and conventions of society.
Sometimes called "Nice girl/good boy". Ethical decisions are based on what pleases, helps or is approved of by others.
The ethics of order. Right is doing one's duty, obeying the law and maintaining an orderly society.
Level III: Postconventional Ethics
Stage 5: Social Contact Stage 6: Universal Principles
The ethics of principle. Rarely reached before age twenty and only by a small segment of the population. Focuses on the principles underlying society's rules.
Rules are based on principles of justice and common good and are mutually agreed upon by members of society.
Rarely encountered in life. Ethics determined by individuals conscience guided by the abstract principles of justice and equality.
Source: Kohlberg, 1984 Psychosocial theory, on the other hand, focuses on the integration of personal, emotional, and social development. This theory states that a child's psychosocial development depends on the quality of care and support provided by social environment and, hence, a teacher's encouragement is essential. Therefore, in designing instruction, teachers or instructors must be aware of the learner's developmental changes and use the knowledge to structure the lesson or curriculum.
The theories reveal that teachers or instructors must or should be able to understand a learner's moral, cognitive, and psychosocial development. Although the importance of the theory is crystal clear, it is not relevant to be adopted as a metadata element. As such, usage of the theories for searching purposes may not be very useful due to the fact that metadata is used for search-ing documents or objects, and this requires the metadata to be simple, descriptive, and helpful in improving the efficiency of searching. The adoption of the developmental theory as a metadata element, on the other hand, could lead to difficulty in determining the values for the element as there are various theories and they involve other details that need to be included as the relevant value. This will create a complex hierarchy structure, which is not appropriate for metadata element values. In brief, the developmental theory is ruled out as a potential metadata element.
Learning theories
Learning theories are a set of related principles derived from observations that in turn are used to explain additional observations (Dorin, Demmin, & Gabel, 1992) . As learning theories have their roots in the psychological theory (Oon Seng, Parsons, Hinson, & Sardo-Brown, 2003) , they are used to understand critical issues raised in the study of learning, such as the mechanism of learning and transfer, the factors that influence learning, the roles of memory and motivation, the processes involved in self-regulation, and the implications for instruction. In addition, they are also used to provide the basics for instructional strategies development, which in turn is used for instructional design. For example, social cognitive theory helps by providing relevant information on placing learners in modeling roles, which were emphasized by the exercises given to students (Eggen & Kauchak, 2004) . Constructivism, on the other hand, emphasizes guided discovery and cooperative learning in which the exercises should include a variety of examples and promote a high level of interaction.
There is no doubt that learning theories play an important role in providing the basics for instructional design. However, if learning theory is to be adopted as a metadata element, it may not provide much contribution in increasing search efficiency. Therefore, learning theory is used in designing instruction but not as a point of access for searching (Large, Tedd, & Hartley, 1999; Salim, Othman, & Moi, 2005) . Moreover, it is difficult to assign relevant values that may aid in searching processes. In addition, learning theory is not a descriptive element for an object but more of a foundation used to design the object. In brief, the theory does not provide appropriate features to allow its adoption as a metadata element; hence it is excluded from being a metadata candidate.
Instructional design
Instructional design is the systematic process of translating general principles of learning and instruction into plans for instructional materials, activities, information resources, and evaluations (Smith & Ragan, 1999) . The analysis of the theory and model reveals that they are used specifically in LO design and, as such, they are not relevant to be adopted as a metadata element or as a point of access for searching. Kolb (1976) described learning styles as the individual's preferred method for assimilating information; it is an integral part of an active learning cycle. It is also referred to as an individual set of differences of personal preference for instruction or an association with a particular form of learning activity (Riding & Rayner, 1999) . Learning styles are determined by different groups of style models based on the learning process, the orientation of study, instructional preference, and cognitive development.
Learning styles
It is also an important concept to aid learning and to provide learning material guidance tailored to a learner's style of learning (Claxton & Murrell, 1987) . This leads to more effective learning (Claxton & Murrell, 1987) . Experiments performed by Schmidt (2004) revealed that including the right learning style would aid a learner's ability to expand his or her learning strategies.
This indicates the importance of learning styles and its effects on the learner's performance. So, it is an excellent candidate for metadata elements as the theory details help to describe an object contextually. As noted by Sutton (2004) and Mason (2004) , contextual attribute refers to any of the attributed explicit or implicit processes by which the learning objectives were achieved. In addition, it describes the object in detail and aids the information seekers to locate the object upon which they are empowered to decide its worthiness (Miller, 2004) . This suggests the possibility of adopting learning styles as one of the metadata elements.
Further analysis on learning styles theory reveals that it is able to provide controlled vocabularies based on the types of learning styles available (Yordanova, 2007) . This is in agreement with metadata needs whereby metadata should be coordinated and able to provide controlled vocabularies and application tools (Quam, 2004) . In brief, learning styles have been determined as the new extended element that can provide context to learning objects (Yahya & Yusoff, 2005b , 2005c . Therefore, models on learning styles are further identified and analyzed. Table 2 provides the learning style models available. Each is subsequently discussed in detail. Model by Kolb (1976) . The model is a two-dimensional model comprised of perceptions, which are concrete/abstract thinking and processing (active/reflective information processing).
Models Based on Orientation to Study
Model by Mumford (1986, 1992) provides preferred modes of learning which shape an individual's approach to learning.
Model by Entwistle (1979) and Entwistle and Tait (1994) provides an integration of instructional preference to information processing in the learner's approach to study.
Model by Biggs (1978 Biggs ( , 1985 provides an integration of approaches to study with motivational orientation.
Model by Schmeck, Ribich, and Ramanaiah (1977) provides the analysis that occurs during learning, which relates to the distinctiveness, transferability, and durability of memory and fact retention.
Models Based on Cognitive Skills Development
Model by Reinert (1976) provides a profile in terms of perceptual modality.
Model by Letteri (1980) provides a cognitive profile of three types of learners, which reflects their position in a bi-polar analytic-global continuum, which reflects an individual's cognitive skills development.
Model by Keefe and Monk (1986) provides 24 elements in a learning style construct, which is grouped into three dimensions.
Models Based on Instructional Preference
Model by Price, Dunn, and Dunn (1977) and R. Dunn, Dunn, and Price (1989) provides the learner's response to key stimuli, such as environmental (light, heat), sociological (peers, pairs, adults, self), emotional (structure, persistence, motivation), physical (auditory, visual, tactile), psychological (global-analytic, impulsive-reflective).
Model by Grasha and Riechmann (1975) provides a social interaction measure, which is used to develop three bipolar dimensions in a construct, which describes a learner's typical approach to the learning situation.
Source: Riding & Rayner, 1999 
i) Models Based on the Learning Process
The model was developed by Kolb (1976) and enhanced by Mumford (1986, 1992 Further investigation on the models, however, reveals that learning style is based on the learning process and this suggests that it is irrelevant as a metadata element or as search criteria. It is intricate and only known by the learning style theorists, therefore it is immaterial to the information seekers. The model is therefore excluded as metadata element candidate. Entwistle (1979) , Biggs (1978) and Schmeck et al. (1977) developed the model in stages. Entwistle developed a model consisting of four aspects: the meaning, reproducing, achieving, and holistic orientations. This leads to the identification of the integrated conception of learning process, which describes a series of learner actions linked to specific learning strategies. Entwistle's work focused mainly on the development of an empirical model of the processes underlying individual orientation in a general approach to learning. Biggs (1978) further extended Entwistle's work by discovering motivational factors to develop a new measure of learning strategy. These motivational factors are labeled intrinsic, extrinsic, and achievement orientation, and as a result, the Study Process Questionnaire (SPQ) was produced to measure the extent these factors influence learners' learning approaches. Results from the experiment using SPQ reveal that there are three learning approaches: surface, deep, and achieving, and learners are categorized according to these approaches. Schmeck et al. (1977) enhanced the model by including two forms of learning strategies known as reflective processing and agentic processing. An Inventory of Learning Processes (ILP) was developed to aid learners enhance their study approach. In brief, the model focused mainly on learning styles based on information processing concept. It therefore cannot be adopted as an element of the metadata as it is more beneficial in providing guidelines on learning approach, rather than as a search criteria or point of access.
ii) Model Based on Orientation to Study
iii) Models Based on Cognitive Skill Development
The models under this category are based on an approach to learning, which presume success only when a progressive development in skills and method is realized by the individual (Riding & Rayner, 1999) . The model was developed by Reinert (1976) , Letteri (1980) , and Keefe and Monk (1986) . Reinert (1976) provided a model to identify the individual's natural "perceptual modality" or perceptual condition in which the stimulation of one's sensory modality gives rise to an experience in another modality as he or she responds to the learning environment. The model, known as ELSIE, provided four categories of learning modality: visual, verbal, auditory, and activity based modalities. However, an analysis performed by Curry (1987) found that the model had limitations in the application of learning style. Letteri (1980) , on the other hand, integrated several models of cognitive style to create a combined assessment of individual skills known as Cognitive Style Delineators (CSD). Although Letteri's work raised the key issues of the development of learning style and skills development, there was no published evidence to support the reliability or validity of CSD (Riding & Rayner, 1999) . The learning style profile (LSP) offered by Keefe and Monk (1986) aimed to produce an integrated model of styles. The style construct developed contained 24 key elements, grouped into three areas: cognitive skills, perceptual responses study, and instructional preferences. Although the LSP marked an important attempt to put an assessment based approach to utilizing learning style into operation, there is still little evidence to support the reliability of LSP.
In addition, based on DeBello (1990) and Curry (1987) , the strongest reliable learning style model is from Dunn and Dunn model as explained in detail below.
iv) Models Based on Instructional Preference
Models based on instructional preferences suggest that matching instructional methods to learners' learning styles can lead to improved learning. Various models and perspectives are identified, namely models by K. Dunn and Dunn (1974) , R. Dunn (1984) , Grasha and Riechmann (1975) , Kolb (1984) , and Felder & Silverman (1988) . These models focus mainly on the instructional preference that affects the individual learning behavior, whereby learners need to choose the learning materials according to their learning style preferences.
Further analysis on the models reveals that the Dunn & Dunn learning style model has been revised and is the most internationally used model for the past 30 years (R. Dunn, Thies, & Honigsfeld, 2001 ). Therefore, this particular model has been adopted for further examination. Similar to K. Dunn & Dunn's model (1974) is Felder & Silverman's (1988) that provides similar domains; hence this model has also been adopted for further investigation. The examination reveals their similarities which are presented in Table 3 . Further examinations on the models reveal their adoption potential as metadata element, as they offer verbal-visual dimension and the model domain elements are clearly outlined. Moreover, it would also draw information seekers to search for objects and use them according to their learning style preferences, which in turn would lead to more effective learning.
In brief, among the learning style models described above, further thorough investigation suggests that the model based on instructional preference is best adopted as the new extended metadata element. As such, the suggested vocabulary set and other technical details for learning style element, as in accordance to IEEE LTSC standard requirements, are described below.
Metadata Element Name: Learning Styles
The It is used for controlled vocabularies or lists of terms or numbers that are specified in advance for a particular element. In a web-based form or other human interface, these might be presented as a pull-down menu or pick-list.
Datatype for learning styles: Vocabulary
Order: It is the importance of the sequence of the elements iterations. If an element is ordered, it signifies that the sequence of the element iterations is important and it will be sequenced in terms of importance or priority.
Order for the learning style: Ordered. Figure 3 illustrates the learning style metadata element. The element number given is 5.12 in which 5 refers to the fifth category in the IEEE LOM standard (the educational category) and 12 is the sub-element number, extended from the existing 11. (See Appendix)
5.12: Learning Style Explanation Size Order Value Space Datatype
The preferred learning style of the LO 
New Extended Metadata Element: Reusability
Determining the extended metadata element to enhance reusability requires the use of dynamic concepts that require learners and experts to provide information on the LO's past usage and its usefulness in particular instructional contexts. This is appropriate, as learners are believed to have some form of domain knowledge or knowledge relating to the general area of the search objective (Michel, 1994) before using or while searching for a particular object. It is also necessary to determine the element vocabulary, as it aids in element design in working the LO system. The vocabulary is established by using topic maps concepts as it is organized around topics or subjects. Furthermore, it provides the association and occurrences for the topics discussed. A mapping exercise is formulated to deliver a representative construct based on topic maps concept, in which the representative construct will be appointed as the element vocabulary.
The representative constructs are not as exhaustive as the actual concept but it inhabits the main features of the actual concept. It is important to allow learners to obtain clear information on how the object was used in the past. The representative construct described in Figure 4 is appointed as the vocabulary element, in which related subjects and past usage are selected as the vocabulary. The topic construct was not chosen, as it had been described in other metadata subelement such as title and learning resource type. LangString (smallest permitted maximum 1,000 characters). LangString is combination of a language indicator and a string of characters. In other words, it represents one or more character strings.
Figures 5, 5.1, and 5.2 illustrate the history metadata element in detail. The history metadata proposed is extended under the educational element category, which is the fifth category in the IEEE LOM standard, as it is related to educational matters of the subject. As such the element number is given 5. This element indicates the previous usage of the object This element indicates the educational subjects or educational topics that are relevant to the object, where the object is used as an example, exercise or a part of a text and others.
Figure 5.2: Related subjects sub-element
Besides having history metadata element, it is also essential to extend the relation vocabulary to intensify LO reusability (Yahya & Yusoff, 2005a , 2005b , 2005c . This is in agreement with Dillon (2000) , who noted that in order for LO to be more reusable, the relation element should be used effectively by providing various types of relationship with more vocabularies incorporated into the element. Various researchers have mentioned the types of relation that are useful for connecting research domain models where they are used to illustrate the interconnection between two domains used (Dillon, 2000; El Saddik, Fischer, & Steinmetz, 2001a , 2001b Fischer, 2001; Seeberg et al., 2000) ; however, none have extended the vocabulary of the relation element to the existing IEEE LOM Standards. Therefore, the research examined the concept behind the theories and undermined the appropriate relations to best describe the relations between objects.
a) Rhetorical relation
Rhetorical relation is established through Rhetorical Structure Theory (RST) (Mann & Thompson, 1987) , which was initially developed as part of computer studies based on text generation.
The theory further explained analysis of text coherence and relation between two spams of text, namely nucleus and satellite (Mann & Thompson, 1988) . A set of RST relations was identified as stated in Table 4 . These relations are used to illustrate relation between texts and used in text generation, text indexing, automatic summarization, and new program generation from digital archives (Lindley, Davis, Nack, & Rutledge, 2001) . Therefore, rhetorical relation is potentially adopted to describe relationships between objects. This is in agreement with past works of El Saddik et al. (2001a , 2001b ), El Saddik, Ghavam, Fischer, and Steinmetz (2000 , Fischer (2001) , and Seeberg et al. (2000) , which used rhetorical relation to describe LO relationships with other objects. However, as these works do not provide details of rhetorical relations adopted, they are described here using IEEE LTSC standards and the latest set of rhetorical relation. Figure 6 provides the evidence of rhetorical relation adaptability as an extended vocabulary.
Animal Cell
• An animal cell typically contains several types of membrane-bound organs, or organelles. The nucleus directs activities of the cell and carries genetic information from generation to generation. The mitochondria generate energy for the cell. Proteins are manufactured by ribosomes, which are bound to the rough endoplasmic reticulum or float free in the cytoplasm. The Golgi apparatus modifies, packages, and distributes proteins while lysosomes store enzymes for digesting food. The entire cell is wrapped in a lipid membrane that selectively permits materials to pass in and out of the cytoplasm.
• There are also differences between the typical plant and animal eukaryotic cell. The main differences between plant and animal eukaryotic cells are that plant cells contain cell walls, glyoxysomes and plastids, while animal cells do not. Animal cells contain centrioles and lysosomes which are not found in typical plant cells.
Example/Elaboration
Object A Object B
Figure 6: Use of rhetorical relation to describe object relationship
Analysis performed on all possible RST relation suggests that relevant relations are suitable to describe LO relationships, which are detailed in Table 5 . 
b) Semantic relation
Semantic relation is a relation between meanings or concepts, in which it relates words and items with similar meanings. Hjørland (2005) underlined the existing kinds of semantic relations, as detailed in Table 6 . Other types of semantic relation are also described in the Unified Medical Language MetaThesaurus (UMLS) (United States National Library of Medicine, 2005) and the Factotum Thesaurus (Cassidy, 2000) to present lexical knowledge base in thesaurus. Further analysis on these thesauruses reveals that the relations are divided into five categories: physical, spatial, temporal, functional, and conceptual. Table 7 further details the categories. Analysis done on these thesauruses suggests that the categories and their relation are suitable for describing LO relationships as illustrated in Figure 7 . The relations identified are therefore adopted as the extended vocabulary in the relation category and the sub-element is represented as 7.1 in Figure 8 . Figure 8 illustrates the relation metadata element in detail. The relation metadata element is the 7 th category in the IEEE LOM standard (see Appendix) and the kind sub-element is the 1 st subelement of the relation category. 
7.1: Kind Explanation
The Attestation of Extended Elements Viability
The extended metadata elements derived, namely learning styles, history, and extended relation vocabulary, were applied in MELOR (Yahya & Yusoff, 2005d) prototype system as proof that the metadata concept suggested is applicable and can be used by learners of MELOR or any digital repository.
The findings, as shown in Figure 9 , suggest that such an application is possible, and further use of these elements can help learners to access objects according to their preferences compared to using a single search process. Apart from that, further use of the history element can help learners understand the object better as it provides relevant past usage of the object. This gives learners ideas on how the objects can be used, and if they want to view the particular object in its described environment, it is possible to do so through related URL provided in MELOR prototype system. This implies that the object is reusable as learners are able to access it in another context (i.e. other object kept in other learning environment, not in the system database) or in its current context (i.e. the object kept in the database). The related subject sub-element implemented in the history element provides additional information on the use of objects in other subject areas or disciplines. This adds value to the LO where learners are able to see its usage in other subject disciplines which they are not familiar with.
Generally the findings suggest that the extended metadata element is applicable and able to add value to a LO in terms of its usage and its ability to comply with learners' learning preference. This indicates that learners are able to improve their learning process as they are able to learn according to their inclination and able to understand more about other usage of the objects. This, consequently, promotes reusability.
Conclusion
The paper has described the procedure adopted to determine extended metadata element and the mechanism to attest the establishment of the elements. It is essential to provide new elements according to the IEEE LTSC LOM standard as it will allow the object practicability into a working Learning Object Repository (LOR) system and also promotes interoperability.
The enhancement of metadata elements is achieved by extending the current LO metadata standards with new elements (i.e. the learning styles, history, and extended relation vocabulary) that maximize the instructional use of the objects, provide learning context to learning objects, and maximize the objects reusability level. The findings suggest that the use of these extended metadata elements are useful to users as they are able to obtain and relate past usage information with the current LO, choose learning styles associated to their preference, and obtain additional information on objects relation to other objects. Therefore, when these extended elements are made available, they will provide support to promote reusability.
The findings of learning styles metadata element usage (Yahya & Yusoff, 2005b , 2005c are in agreement with Adkins and Brown-Syed (2002) , Larkin-Hein (2000) , Larkin-Hein and Budny (2003) and Mustaro and Silveira (2006) , who noted that allowing learners to choose their learning style preferences had improved the learners' learning process and learning objects usage effectively. The learning styles metadata element proposed in this study is significantly different from those in previous works carried out by CLEO (2001 ), CUBER (2004 ) and FAILTE (2002 . These research organizations, which have developed LO metadata application profiles, proposed extended elements to provide clear pedagogic intent and emphasis to the LO. However, the extended elements derived by these organizations are meant for specific use targeted for local usage and community in the specific region. Therefore, it is not suitable to be adopted by different target community or users. Furthermore, none of these researchers included learn-ing styles as their extended metadata element, indicating that this study is not only providing a fresh metadata element but is also global in nature to maximize LO instructional use.
The finding of history metadata element usage (Yahya & Yusoff, 2005b , 2005c ) is in agreement with Hiddink (2001a Hiddink ( , 2001b and Recker & Wiley (2001) who noted that there was a need to develop a history element in the metadata. However, the history element derived in this study is significantly different from those in previous works, specifically Hiddink (2001a Hiddink ( , 2001b and Recker & Wiley (2001) as these researchers did not use topic maps concept to describe the object relation to other objects and its past usage.
Recker & Wiley (2001) adopted a collaborative filtering technique to receive input and comments from users, which is insufficient to promote LO reusability. Hiddink (2001a Hiddink ( , 2001b noted the importance of history files but further details and explanation on how it was developed and the concept used in developing the history element were not provided.
The findings of relation extended vocabulary described earlier (Yahya & Yusoff, 2005a , 2005b , 2005c are in agreement with Dillon (2000) , who noted that in order for the relation element to be used effectively in searching processes it should be able to provide various types of relationships where more vocabularies should be incorporated into the element. However, none of the previous researchers (Dillon, 2000; El Saddik et al., 2001a , 2001b Fischer, 2001; Seeberg et al., 2000) extended the vocabulary of the relation element. These researchers mentioned the types of relation useful for connecting research domain models, which were used to illustrate the interconnection between the two domains used (i.e. the concept space and the media bricks). The relations identified were based on rhetorical relation and ontology theory. However, these relations were not further extended to the existing IEEE Learning Object Metadata (LOM)Standards. Although the theoretical knowledge used to extend the relation element is similar to previous studies (Dillon, 2000; El Saddik et al., 2001a , 2001b Fischer, 2001; Seeberg et al., 2000) , relations identified were different from those derived in earlier studies, particularly the relations obtained based on rhetorical relation theory and semantic relations as domain of the current research is different from those of previous ones. This paper has examined the concept behind the theories and has undermined the appropriate relations to best describe the relation between learning objects. 
Life Cycle
The category describes the history and the current state of the learning object and those entities that have affected the learning object during its evolution It has sub-elements such as: 1 Version: The edition of this learning object 2 Status: The completion status or condition of this learning object 3 Contribute: Those entities (i.e. people, organisations) that have contributed to the state of this learning object during its life cycle (e.g. creation, edits, publication) 3.1 Role: Kind of contribution 3.2 Entity: The identification of and information about entities (i.e. people and organisation) contributing to the learning object. The entities should be ordered as the most relevant first. 3.3 Date: The date of the contribution.
MetaMetadata
The category describes the metadata record itself (rather than the learning object that this record describes) It has sub-elements such as: 1 Identifier: A globally unique label that identifies this metadata record 1.1 Catalog: The name or designator of the identification or cataloguing scheme for this entry. A namespace scheme. 1.2 Entry: The value of the identifier within the identification or cataloging scheme that designates or identifies this learning object. A namespace specific string 2 Contribute: Those entities (i.e. people, organisations) that have contributed to the state of this learning object during its life cycle (e.g. creation, edits, publication) 2.1 Role: Kind of contribution. Exactly one instance of this data element with value "creator" should exist 2.2 Entity: The identification of and information about entities (i.e. people and organisation) contributing to the learning object. The entities should be ordered as the most relevant first. 2.3 Date: The date of the contribution. 3 Metadata Schema: The name and the version of the authoritative specification used to create this metadata instance 4 Language: Language of this metadata instance. This is the default language for all the LangString values in this metadata instance
Category
Sub-Elements Description
Education
The category describes the key educational or pedagogic characteristics of the learning object. It has sub-elements such as: 1 Interactivity Type: Predominant mode of learning supported by this learning object.
